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Method for forming a phosphate film on steel wires and apparatus used therefor 



(57) A method and an apparatus are disclosed 
which are suitable for promptly forming a phosphate film 
of excellent performance for cold drawing on steel wires 
(1). The steel wires (1) are descaled by a cathodic elec- 
trolysis in an acid solution, and thereafter, a phosphate 
film is formed by a cathodic electrolysis on the steel 
wires. Contacting with a solution containing colloidal 
titanium is preferably earned out between a cathodic 
descaling process (2) and a phosphate film forming 



process (3). Descaling in a cathodic electrolysis may be 
performed in an acid solution at a temperature of lower 
than 90 °C and with a current density of 1 to 100 A/dm 2 . 
Phosphate film forming (3) may be performed by using 
an electrolyte containing Zn tons, phosphoric acid ions 
and nitric acid ions, at a temperature of lower than 90 °C 
with a current density of 1 to 100 A/dm 2 and for a period 
of 1 to 30 seconds. 
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Description t 
Field of the Invention 

5 [0001] Hot rolled or heat treated steel rods and steel wires, in the following abbreviated as steel wires, are often pro- 
vided for a cold drawing process. Before carrying out the cold drawing process, usually a phosphate film is formed on 
the surface thereof. The invention relates to a method and an apparatus which are suitable for promptly forming a phos- 
phate film having an excellent performance on such steel wires. 

to packqrpunci Art 

[0002] In the cold drawing operation, the phosphate film is further covered by a lubricant such as metallic soap, and 
the phosphate film may carry the metallic soap forming a lubricating layer. In the cold drawing operation, the diameter 
ol the steel wires becomes decreased by passing through several dies, and it is preferred that the phosphate film main- 
is tains its excellent performance until the steel wires pass through the last die. 

[0003] The phosphate film is often formed by dipping the steel wires into a bath where a solution for making the phos- 
phate film is contained, and no electrolytic devices are provided. In such a case, the productivity of the processing bath 
can be enhanced by increasing the travelling speed of the steel wires if a prompt formation of the phosphate film 
becomes possible. 

so [0004] Accordingly, a method is preferable which is able to form the phosphate film promptly. In order to promptly form 
the phosphate film, a liquid containing chemicals for forming a phosphate film with a high concentration has been used. 
However, in such a case, a great deal of sludge is produced in the liquid, and it must frequently be removed in order to 
obtain a phosphate f Bm of excellent quality. 

[0005] In the process of forming the phosphate film on the steel wires, the steel wires must be descaled previously by 
25 dipping them into a hydrochloric or sulfuric acid solution Then, steel wires from which their oxide film has been removed 
by such a descaling process are dipped into the forming solution of phosphate film. 

[0006] The inventors had found an electrolytic process where phosphate film can promptly be formed by using the 
steel wires as an electrolytic cathode in a solution which does not contain any complexing agent. Such a process is dis- 
closed in JP-A-4-36498. 

30 [0007] With the electrolytic process according to JP-A-4-36498, the productivity of phosphate film formation had been 
much enhanced. However, the process could not sufficiently improve the quality of the phosphate film and accordingly, 
the quality of the phosphate film obtained by that process was almost on the same level as that produced by a conven- 
tional process. 

[0008] The document JP- A-6-322 592 discloses a process for forming a phosphate film on steel wires with an elec- 
35 trolytic process. However, in this conventional process, the steel wires are used as an anode. Also, the conventional 
process uses a pulsed electrolytic current in the electrolytic operation. 

Disclosure of the Invention 

40 [0009] As explained above, the productivity of phosphate film formation could be enhanced by the electrolytic process 
as disclosed in JP-A-4-36498, but the quality of the phosphate film could not be improved. The inventors have now 
made further investigations and studies and succeeded in finding a process and an apparatus for carrying out the 
method which are suitable to improve the quality of the phosphate film considerably. 

[0010] According to new findings and understanding of the inventors, the quality of the phosphate film has a close 
45 relation with the descaling process of steel wires. As mentioned above, in the process of forming the phosphate film on 
the steel wires, the steel wires are descaled previously by dipping them into hydrochloric or sulfuric acid solution. In 
such a descaling process, an oxide film may be removed from the steel wires. However, the process leaves smut on the 
surface of the steel wires. 

[001 1] The smut formed may usually be removed by rinsing the steel wires in water. However, small amounts of smut 
so remaining on the surface of the steel wires may form a phosphate film of insufficient quality. The smut may decrease 
the adhesive strength of the phosphate film on the surface of the steel wires, resulting in insufficient lubricating proper- 
ties in a cold drawing operation of the steel wires and in insufficient surface properties of the final product of the steel 
wires. 

[0012] Therefore, the purpose of the invention is to provide a new method and a new apparatus for carrying out the 
55 method which are suitable for promptly forming a phosphate film having a more excellent quality than those obtained 
by conventional processes on the steel wires of low carbon grades, high-carbon grades and low-alloy containing grades 
without generating any smut and any sludge. 

[0013] According to a first aspect of the present invention, a method for forming a phosphate film on steel wires is 
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disclosed comprising a descaling process and a phosphate film forming process. The method is characterized in that 
the descaling process comprises an electrolytic pickling of steel wires using the steel wires as a cathode and using an 
acid solution other than phosporic acid as an electrolyte, and in that the phosphate film forming process comprises an 
"electrolytic process using the steel wires as a cathode and using a forming solution of phosphate film as an electrolyte. 

5 [001 4] According to a second aspect of the present invention, a method is disclosed for forming a phosphate film on 
steel wires comprising a descaling process, an intermediate process and a phosphate film process. The method is 
characterized in that the descaling process comprises an electrolytic pickling of the steel wires using the steel wires as 
a cathode and using acid other than phosphoric acid as an electrolyte, in that the intermediate process comprises a 
process of contacting the steel wires with an intermediate liquid containing colloidal titanium and alkali metal phos- 

70 phate. and in that the phosphate film forming process comprises an electrolytic process using the steel wires as a cath- 
ode and using a forming solution of phosphate fflm as an electrolyte. 

[001 5] According to a third aspect of the present invention, a method is disclosed for forming a phosphate film on steel 
wires, wherein the steel wires for the descaling process are steel wires which are mechanically descaled as a pretreat- 
ment therefor. 

75 [001 6] According to a fourth aspect of the present invention, a method for forming a phosphate film on steel wires is 
disclosed wherein the electrolyte in the descaling process is selected from sulfuric acid, hydrochloric acid, nitric acid, 
. hydrofluoric acid, hydrosilicofluoric acid and zircon hydrofluoric acid; a temperature of the electrolyte of 90 °C or lower 
is used in the descaling process; a current density of the steel wires of 1 A/dm 2 to 100 A/dm 2 DC is used and an elec- 
trolytic treatment time of 1 to 60 seconds is. used in the descaling process. 

20 [0017] According to a fifth aspect of the present invention, a method for forming a phosphate film on steel wires is 
disclosed wherein the electrolyte in the phosphate film forming process contains 2 to 60 g/l of zinc ions, 2 to 80 g/l i of 
phosphoric acid ions and 3 to 100 g/l of nitric acid ions; a molar ratio of zinc ions to phosphoric acid ions is used which 
is 0.9 to 1 .5 , and a molar ratio of nitric acid ions to phosphoric acid ions is used which is 0.7 to 2.5; a temperature of 
the electrolyte of 90 °C or lower is used; a current density of the steel wires of 1 A/dm 2 to 100 A/dm 2 DC is used, and 

25 an electrolytic treatment time of 1 to 30 seconds is used in the phosphate film forming process. 

[0018] According to a further aspect of the present invention, an apparatus for forming a phosphate film on the steel 
wires is disclosed comprising a descaling bath and a phosphate film forming bath. The apparatus is characterized in 
that the descaling bath comprises an electrolytic pickling bath of steel wires using steel wires as a cathode and using 
acid other than phosphoric acid as an electrolyte, and in that the phosphate film forming bath comprises an electrolytic 

30 film forming bath using the steel wires as a cathode and using a forming solution of phosphate film as an electrolyte. 
[001 9] According to a further aspect of the present invention, an apparatus for forming a phosphate film on steel wires 
is disclosed comprising a descaling bath, an intermediate bath and a phosphate film forming bath. The apparatus is 
characterized in that the descaling bath comprises an electrolytic pickling bath of steel wires using steel wires as a cath- 
ode and using acid other than phosphoric acid as an electrolyte; in that the intermediate bath comprises a bath of con- 

35 tacting the steel wires with an intermediate liquid containing colloidal titanium and alkali metal phosphate, and in that 
the phosphate film forming bath comprises an electrolytic film forming bath using steel wires as a cathode and using a 
forming solution of phosphate film as an electrolyte. 

[0020] According to a still further aspect of the present invention, an apparatus for forming a phosphate f ilm on steel 
wires is disclosed which is characterized in that the apparatus further comprises a mechnical descaler prior to the des- 
40 caling bath. 

[0021 ] According to yet another aspect of the present invention, an apparatus for forming a phosphate film on steel 
wires is disclosed which is characterized in that the apparatus further comprises an auxiliary acid pickling bath in- 
between the mechanical descaler and the descaling bath, and in that the auxiliary acid pickling bath is either one of a 
non electrolytic acid pickling bath or an electrolytic acid pickling bath using the steel wires as an anode. 

45 

Brief Description of the Drawing 
[0022] 

so Fig. 1 is a diagrammatic view showing the main components of an apparatus according to the invention and suita- 
ble for carrying out the method according to the invention. 

[0023] In Fig. 1 . the following reference signs are used: 

55 1 = Steel wires 

2 = Descaling bath 

3 = Phosphate film forming bath 

4 = Auxiliary add pickling bath 
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5 = Intermediate bath 

6 = Mechnical descaler 

7 = Uncoiler 

8 = Coiler. 
s * 

Best Modes for Carrvino out the Invention 

[0024] The inventors have investigated surfaces of steel wires after a pickling treatment. When a conventional acid 
picWing is used, such as dipping steel wires into hydrochloric acid or sulfuric acid , many large pitting holes can be 

io observed on the surface of the steel wires; also, many dark coloured smuts can be observed which are generated or 
composed by deposit and redeposit of insoluble and soluble compounds such as carbon, ferric oxides or the like adher- 
ing on the surface of steel wires. On the other hand, when using the electrolytic picWing process according to the 
present invention, no such smut was observed and the surfaces of the steel wires were very clean. 
[0025] When the steel wires are used as a cathode, a cathode reaction of generating a hydrogen gas may occur in a 

is short time on the surface of the steel wires and the physical movement of the hydrogen gas may clean the surface of 
the steel wires. Also, hydrogen ions gathering in a high concentration near the su;face of the steel wires may clean the 
surface of steel wires. Thereby, the surface of steel wires is less roughened and no smut is formed thereon. 
[0026] According to the invention, the electrolysis is carried out by using the steel wires as a cathode. On the other 
hand, in a conventional process, the electrolysis is carried out by using the steel wires as an anode. In such an anode 

20 electrolysis, the iron may dissolve into the electrolytic solution as iron ions, and the iron ions may be a cause of the smut 
on the surface of steel wires. v : . 

[0027] In the usual descaling of steel wires by dipping them into the acids, the iron may also dissolve into the acid 
solution as iron ions, and the iron ions may become the cause of smut on the surface of steel wires. 
[0028] According to the invention, however, the electrolysis is carried out by using the steel wires as a cathode and 

25 H + ions are attracted toward the steel wires and are discharged on the surface of the steel wires so that H 2 gas is gen- 
erated from the steel wires. Thus the cathode electrolysis of the invention is not an electrolysis dissolving the iron as 
iron ions, and no smut is generated on the surface of the steel wires. 

[0029] Further investigations made by the inventors have revealed that in the conventional method, where the anode 
pickling is carried out before the phosphate film forming process, much slugs can be observed in the phosphate film 
30 forming bath. 

[0030] Also, the performance of the phosphate film as a lubricating layer becomes decreased in such a case. 
[0031] According to the present invention, the descaling is carried out by using the steel wires as a cathode. Expen- 
merits of the inventors have revealed that the steel wires - when the cathode electrolytic picWing is carried out - never 
generate any sludge in the subsequent process of forming the phosphate film. Also, when using this cathode electrolytic 
35 picWing, no smut is generated on the surface of the steel wires, and the adhesive strength of the phosphate film to the 
surface of the steel wires is considerably enhanced and the performance of producing a lubricating layer is remarkably 

improved. . 

[0032] A sulfuric acid solution is preferably used for the electrolytic picWing in the method according to the invention, 

and either one or more than one selected from sulfuric acid, hydrochloric acid, nitric acid, hydrofluoric acid, hydrosili- 

40 cofluoric acid and zircon hydrofluoric acid may be used. The acid concentration is preferably in the range erf 5 to 40 %. 
[0033] In the electrolytic pickling according to the invention, preferably a current density of 1 to 100A/dm , and more 
preferably of 20 to 50 A/dm 2 direct current is used. When the current density is less than 1 A/dm 2 , the generated 
amount of hydrogen gas is small and a sufficient washing strength is not obtainable. Also, a current density higher than 
100 A/dm 2 is economically not preferable because an early degradation of the processing liquid may result The liquid 

45 temperature is 90 °C or less, preferably in the range of 50 to 80 °C. The processing time is preferably 1 to 60 seconds, 
more preferably 1 to 30 seconds. 

[0034] In the case of hot rolled steel wires and heat treated steel wires, the surfaces of steel wires are often covered 
by thick scale. In order to remove this thick scale from the surfaces of steel wires, usually a mechanial descaling is car- 
ried out thereon, such as bending descaling, shot blast descaling, air blast descaling or the like. The descaling by cath- 

so ode electrolytic picWing is carried out after the mechanical descaling. 

[0035] However, when such a mechanical descaling is insufficient another conventional acid picWing of using a non- 
electrolytic pickling bath or using an electrolytic acid picWing bath may be applied after the mechanical descaling 
wherein the steel wires are used as an anode. In such a case, however, the cathode electrolytic picWing according to 
the invention has to be carried out after the conventional acid picWing as mentioned above. 

55 [0036] In the method according to the invention, the phosphate f ilm forming process is carried out after the descaling 
process of cathode elecrolytic picWing. It is known that the structure of the phosphate film becomes fine and improved 
when the steel wires are contacted with a liquid wherein colloidal titanium and alkali metal phosphate are contained. 
When this process is applied in the method according to the invention, an intermediate bath, wherein a liquid compris- 
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ing colloidal titanium and alkali metal phosphate is contained, may be provided between the descaling bath and the 
phosphate film forming bath; hence, the steel wires are brought into contact with the intermediate liquid after the cath- 
ode electrolytic pickling. 

[0037] As explained above, sufficiently clean surfaces of steel wires are difficult to obtain by a conventional descaling 
5 process. -However, in the method according to the present invention, cathode elecrolytic pickling is carried out after a 
conventional descaling process, and sufficiently clean surfaces of steel wires are obtained by such a cathode electro- 
lytic pickling. 

[0038] In the method according to the invention, after the cathode electrolytic pickling, the phosphate film forming 
process is carried out by using the direct current electrolysis, using the steel wires as a cathode and using a phosphate 
to film forming liquid as an electrolyte. 

[0039] The phosphoric acid in the phosphate film forming liquid may dissociate according to the following equation: 

H3PO4 «=> H + + H2PO4 « 2H + + HPO4 2 " 3hr + PO4 3 - . 

15 [0040] In the above quation, PO4 3 * ions may combine with metallic ions and may produce a metal phosphate com- 
pound. Such a metal phosphate compound is deposited on the surfaces of steel wires and may become a suitable 
phosphate film. When H* ions in the phosphate film forming liquid are present in a high concentration near the steel 
wires, the above equation may proceed to the left direction; hence, the PO4 3 " content near the steel wires may 
decrease, and the phosphate compound is not formed. 

20 [0041 ] On the other hand, when the H + ion concentration in the phosphate film forming liquid becomes low, the above 
equation may proceed to the right direction; hence, the PO4 3 * content near the steel wires may increase, and the metal 
phosphate compound is formed and deposited on the surfaces of the steel wires. 

[0042] In the conventional dipping process, the steel wires are corroded by the phosphate film forming liquid in 
accordance with the chemical reaction of 

25 

Fe + 2H + Fe 2 * + H 2 

. In this chemiln this chemical reaction, H* ions near the steel wires may be consumed and their concentration may 
, decrease, while the P0 4 3 * ion concentration near the steel wires may increase, and the metal phosphate compound is 
30 produced on the surfaces of the steel wires. . 

[0043] However, in the conventional process as indicated above, Fe has to be changed into Fe z+ , and the Fe * ions 
have to be dissolved into the phosphate film forming liquid, wherein the dissolved Fe 2 * ions may cause the trouble of 
producing smut and sludge. * 

[0044] On the other hand, in the method according to the present invention, the direct current electrolysis is carried 
25 out by using the steel wires as a cathode. In this cathode electrolysis, H + ions are attracted to the cathode and are con- 
sumed in the discharge reaction of 

2H + -»H 2 

40 . , • 

[0045] As the result of this discharge reaction, the H+ ion concentration near the steel wires becomes low. and the 
P0 4 3 * ion concentration becomes high so that the metal phosphate compound is deposited on the surfaces of the steel 
wires. 

[0046] Namely, accoiding to the present invention, the H + ion concentration near the steel wires is decreased by the 
45 electrolytical discharge. Accordingly, the iron does not dissolve into the phosphate film forming liquid, and smut and 
sludge which are otherwise produced by dissolved iron ions do not appear in the method according to the present 
invention. 

[0047] in the conventional dipping process of forming the phosphate film, Fe is dissolved and the r-T ion concentration 
is lowered, wherein the phosphate film ts formed with the velocity according to the lowering speed of the H+ ion concen- 
50 tration. However, it is hard to dissolve Fe with a high speed and accordingly it is difficult to form a phosphate film with 
high speed. 

[0048] On the other hand, in the method according to the present invention, the H+ ion concentration is decreased by 
the discharge of H + ions, and the velocity of discharge of H + ions may be controlled by adjusting the current density of 
the electrolytic process. Hence, in the method according to the present invention, it is possible to form the phosphate 
ss film with high speed by controlling the current density of the electrolytic process. 

[0049] Also, the following aspect was revealed by the inventors. Even if the method of forming the phosphate film is 
a cathode electrolysis as in the invention, the performance of the phosphate film is insufficient when the picWing is not 
carried out by the process of cathode electrolysis. When the descaling is made by the cathode electrolysis of the inven- 
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tion and the phosphate film production is carried out by the cathode electrolysis of the invention, the resulting phos- 
phate film having a sufficient performance is formed with high speed. 

[0050] As to the electric terminals for connecting the steel wires to an electric power supply source, bipolar type elec- 
tric terminals can be used in the present invention. With such bipolar type electric terminals, the electrodes of the elec- 
s trie supply source are immersed in the electrolyte, and the electric current is supplied to the steel wires via the 
electrolyte. In the case of using bipolar type electric terminals, the electrodes of the electric power supply source do not 
contact with the steel wires directly, and the phosphate film may be produced smoothly without creating any defects on 
the surface of the steel wires and the phosphate film. 

[0051] The forming solution of phosphate film in the method according to the invention may preferably contain zinc 
10 ions in an amount of 2 to 60 gl\. phosphoric acid ions in an amount of 2 to 80 g/l and nitric acid ions in an amount of 3 
to 100 g/l; moreover, the forming solution is a liquid wherein the molar ratio of the zinc ions to the phosphoric acid ions 
is 0 9 to 1 5 and wherein the molar ratio of nitric acid ions to the phosphoric acid ions is 0.7 to 2.5. 
[0052] When the concentration of zinc ions, phosphoric acid ions and nitric acid ions is lower than the above-indicated 
" ranges the phosphate film cannot easily be formed. Also, exceeding the above values or ranges is not preferable under 

is economical aspects and the adhesive property of the phosphate film to the steel wires is decreased thereby. • . 

[0053] When the molar ratio of (zinc ions/phosphoric acid ions) is less than 0.9, a zinc eutectoid occurs, and a good 
film is difficult to obtain and the adhesive property of the phosphate film becomes worse. However, exceeding the value 
of 1 .5 is not preferred economically. Also, when the molar ratio of (nitric acid ions/phosphoric aod ions) is less than 0.7. 
the stability of the liquid is decreased, whereas when exceeding the value of 2.5. the required film weight is hard to 

20 obtain due to a setf oxidation. . . . . 

[0054] Furthermore, nickel phosphate, manganese phosphate, calcium phosphate may be contained in the forming 
solution of phosphate film. Moreover, nitrous acid ions, hydrogen peroxide and chloric acid ions can be added as an 

[0055] ' When the oxidant comprises nitrous acid ions, the content thereof is preferred to be 0.05 to 0.18 g/LTh* inven- 
tors picked up the electrolyte by 10 ml and using phenolphthalein as an indicator, titrated this with 0.1 N-NaOH solution 
and called the ml of 0.1 N-NaOH solution as a point, wherein the electrolyte is preferred to be in the range of 5 to zoo 

[OoS The electrolysis of the phosphate f ilm formation is preferably carried out by using a temperature of the electro- 
lyte of 90 »C or less, more preferably in the range of 50 to 80 »C. Also, the current density of the direct current is probably 
in the range of 1 to 100 A/dm 2 , more preferably in the range of 20 to 50 A/dm 2 . When the current density is less .than 1 
A/dm 2 , then the phosphate film is not easily formed, and when it exceeds 100 A/dm 2 , the adhesive porpert.es of the film 
may be decreased. .. . . . 

[0057] In a conventional process it is known that the steel wires may be contacted with a liquid containing a colloidal 
titanium and alkali metal phosphate salt, and thereafter the phosphate film is formed. In such a process, the titanium 
as compound absorbed on the steel wires becomes a core of a crystal of the deposited phosphate, and thereby a phos- 
phate film having a fine structure may be obtained. ..... 

[0058] In the method according to the present invention, the contact of the steel wires with a liquid containing colloKtel 
titanium and alkali metal phosphate salt may be carried out after the descaling process and before the phosphate Mm 
forming process. Hence, the phosphate film is further improved by such a treatment. Namely, an extremely preferable 
40 lubricating phosphate film having excellent adhesive properties and an excellent fineness is obtained. 

[0059] In this treatment, the same liquids as those used in the conventional process may be used. Such liquids may 
contain colloidal titanium, pyrophosphoric acid ions, orthophosphoric acid ions and sodium ions, as described tor exam- 
ple in JP-A-3-38 343 and JP-A-6-74 507. The steel wires may be dipped into such treatment liquids at room tempera- 
ture for about 1 to 5 seconds. . ■ 
45 [0060] In the cathode electrolysis of the phosphate film formation according to the present invention, the pH value ot 
the electrolyte is preferred to be set near the pH range suitable for depositing of ZrtfPOjfe- «n order to keep the pH 
value of the electrolyte near this pH range, the equilibrium constant Jj mentioned below is able to create a suitable 
standard. 

k = { [Zn 3 (PO A ) 2 ) x [H 3 PO J 4 } / {Zn(H 2 PQ 4 ) 2 } 3 . 

[0061] Also, more simply, the acid ratio given below can be used: 

{ total acidity (point) }/{ free acidity (point) } . 

[0062] The relation between the temperature and the acid ratio is preferred to keep the acid ratio in the range of 4.5 
to 6 at temperatures higher than 80 «C. and in the range of 6 to 9 at temperatures of 60 to 80 «C. When the treatment 
temperature is low. the higher acid ratio may be preferable in order to form the phosphate film easily. 
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[0063] In the phosphate film forming process by the cathdoe electrolysis, the phosphate film can be formed more effi- 
ciently by controlling the quantity of the effective components. As a standard of this control of the amount of the effective 
components, it is preferable to keep the value of the following equation in the range of 2.5 to 6.0: 

5 {total acidity (TA) - free acidity (FA)} / {free acidity (FA)}. 

[0064] By such a control, it is possible to promptly obtain a high quality phosphate film. In the case of steel wires, a 
hard steel wire is most preferable, wherein 

to {(TA)- (FA)} /{(FA)} = 3.5 to 5.5. 

[0065] Fig. 1 discloses a diagrammatic example of the apparatus according to the invention. The apparatus comprises 
a descaling bath 2 for electrolytic descaling steel wires 1 using the steel wires 1 as a cathode. Further to the descaling 
bath 2, a phosphate film forming bath 3 is provided for forming the phosphate film on the steel wires 1 by electrolysis 

75 using the steel wires 1 as a cathode. 

[0066] In the descaling bath 2, the electrolyte is contained which is selected from acids other than phosphoric acid, 
for example sulfuric acid, hydrochloric acid, nitric acid, hydrofluoric acid, hydrosilicofluoric acid, zircon hydrofluoric acid 
or the like. Then, the steel wires 1 are cleaned by the cathode electrolytic pickling, for example by using direct current 
with a current density in the range of 1 A/dm 2 to 100 A/dm 2 . 

20 [0067] In triphosphate film forming bath 3, the phospate film forming liquid is contained and comprises, for example, 
zinc ions, phosphoric acid ions and nitric acid ions. The phosphate film is formed on the steel wires 1 using a current 
density in the range of, for example, 1 A/dm 2 to 100 A/dm 2 . 

[0068] Also, Fig. 1 shows a contact roller for an electric terminal for contacting the steel wires 1 with the electric power 
supply source; however, other non-contact electric terminals, for example bipolar type electric terminals can be used. 
25 As an anode in the apparatus according to Fig. 1, an insoluble anode is used, for example Pt coated on a titanium or 
graphtie electrode can be used. 

[0069] In the apparatus according to the invention, an intermediate bath 5 may also be provided after the descaling 
bath 2 and before the phosphate film forming bath 3. This intermediate bath 5 contains a surface adjusting liquid includ- 
ing colloidal titanium and alkali metal salt. 
30 [0070] When the steel wires 1 are brought into contact with such a surface adjusting liquid, a fine phosphate film of 
excellent quality is formed in the phosphate film forming bath 3. 

[0071 ] In the apparatus of Fig. 1 , a mechanical descaler 6 is provided which is of the type comprising three rollers. 
However, as a mechanical descaler, a different type of mechanical type of descaler may be used such as a shot blast 
descaler or the like. 

35 [0072] Trie reference sigh 4 in Fig. 1 is an example of an auxiliary acid pickling bath which is arranged before the 
descaling bath 2. This auxiliary pickling bath 4 may be an acid pickling bath using the steel wires 1 as an anode or a 
non-electrolytic acid pickling bath which is used in order to mitigate the workload of the descaling bath 2. 
[0073] Although not shown in Fig. 1 , a generally known water rinsing apparatus or a hot water rinsing apparatus may 
be provided between the respective baths in order to prevent that a liquid of a preceding bath is brought into the follow- 

40 ing bath. Also, a generally known stirring apparatus for liquids can be arranged with the respective bath in order to 
enhance the reactivity of the steel wires 1 with the liquids contained in each of the baths. 

[0074] Moreover, a counter-flow installation can be used in each of the baths to obtain a flow of the liquid against the 
running direction of the steel wires 1 in order to promote the reaction in the respective bath. In the apparatus according 
to Fig. 1 , an uncoiler 7 tor the untreated steel wires 1 and a coiler 8 for the treated steel wires 1 are provided. 

45 

Embodiment Example and Comparative Example 

[0075] JIS-SWRH72A steel wires with a C content of 0.72 wt.-% having a diameter of 5.5 mm are cold drawn by a 
continuous drawing method. 

so [0076] Before the cold drawing operation, phosphate films are formed on the surfaces of the steel wires with different 
methods. Table 1 shows an outline thereof. All steel wires were mechanically descaled previously, and a scale of 90 % 
or more was removed. A usual metallic soap powder obtained in the market is used as a lubricant in cold drawing. 
[0077] In the descaling column of Table 1 , process C indicates an electrolytic pickling using the steel wires as a cath- 
ode, and the process £ indicates an electrolytic pickling using the steel wires as an anode In this descaling column, the 

55 process of A -» Q indicates an example wherein the anodic electrolysis is carried out in the first half of the pickling time, 
and the second half of the pickling time is carried out in a cathode electrolysis. , 

[0078] On the other hand, the process of Q -> A indicates that the first half is a cathodic process and the second half 
is an anodic process. In this column, the process of "dip" indicates a non-electrolytic process. All the electrolytes as well 
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as the clipping solutions are sulfuric acid having a concentration of 25 %. 

[00791 In the intermediate column of Table 1 . symbol O shows the contacting with the intermediate solution compris- 
ing colloidal titanium and alkali metal phosphate produced by using PREPAREN 2 which is a product available from 
Ninon Parkerizing Co. Ltd. . 

[00801 In the phosphate film forming column in Table 1 . the process £ indicates an electrolysis using the steel wires 
as a cathode and the process "dip" indicates non-electrolysis. An electrolyte as well as a dipping solution are produced 
by using PARBOND-TD-805. a commercially available phosphate film forming agent produced by Nihon Parkerizing 
Co.. Ltd., and the total acid of the liquid is adjusted to be 90 points. 

[00811 In the phospate film forming column of Table 1 , the column "Before (g/m 2 )" indicates an amount of the phos- 
phate film measured before cold drawing, and the column "After (g/m 2 )- indicates an amount of the phosphate film 
measured after cold drawing. The amount of phosphate film can be determined by dipping the steel wires into an aque- 
ous solution containing chromic acid by 5 %. thereby removing all the phosphate film from the steel wires. Then the 
amount of the phosphate film may be determined by measuring the weight of the steel wires before and after the chro- 
mic acid treatment. . . . ... „„,.,„_-i 

[0082] In the same column of Table 1 , "Crystal Size" indicates the crystal sizes in jim of the phosphate film measured 

bv using a scanning electron microscope. 

[00831 The column "Sludge" in Table 1 shows the amount of sludge in the phosphate film forming solution measured 
after using it in operation for one hour. The indication O is representative for a transparent solution without sludge, the 
reference sign a is representative for little sludge of less than 3 g/l, and the reference sign X is representative for much 

20 sludge of more than 3 g/l. , . „ _ ft . . . 

[00841 The column "Drawability" in Table 1 comprises the symbol ® in a case wheretn more than 50 tons of start 
wires were cold drawn through the final die; the symbol O indicates a case wherein 15 to 50 tons of stee wires couW 
be cold drawn through the final die; and the symbol a represents a case wherein less than 15 tons of steel wires couW 
be cold drawn through the final die; the symbol X indicates a case wherein a defective product was produced in cold 

?00851 9 The Embodiment Examples Nos. 1 to 12 in Table 1 show that the descaling process and the phosphate «m 
forming process were performed by electrolytic processes, and the electric processes were earned out adding to the 
teaching of the present invention. In these Examples, no sludge was observed in the phosphate Mm formmg solution 
a^f the drawability of the products was excellent In the Embodiments Nos. 1 to 9 in Table 1 thj^«*w^ 
in the intermediate bath, and the crystal size of the phosphate film was finer than those of the Embodiments Nos. 10 to 
12 wherein the treatment in the intermediate bath was not carried out 

[0086] Corresponding data in the respective columns were obtained for Comparative Examples No. 1 to No. 8. In 
these Comparative Examples, the current density A/dm 2 in the descaling process is too, low in Comparative 
No 1 • the current density A/dm 2 of the phosphate film forming process is too high in Comparative Example No. 2; the 
descaling process was non-electrolytic in Comparative Examples Nos. 3 and 4; the pho^hate film form. ng process^ 
non-elecfrolytic in Comparative Examples Nos. 3 and 5; and the treating time in seconds in the phosphate film forming 
process is too short in Comparative Example No. 6. Also, in these Comparative Examples, the sludge decreasing effect 

and the drawability were insufficient. s ^^^^^ 

[0087] In the Embodiment Examples Nos. 13 and 14. the first half of the descaling process was anodic electrolyse, 
however, the second half was a cathodic electrolysis. In these cases, the sludge decreasing effect and the drawabrtrty 
were excellent. On the other hand, in the Comparative Examples Nos. 7 and 8. the first ha« of the descaling process 
was a cathodic electrolysis and the second half was an anodic electrolysis. In these cases, the sludge decreasing effect 
and the drawability were insufficient ■ • Minninn = 
[0088] In the Comparative Example No. 3. the phosphate film forming process was earned out by dippmgtor 5 sec 
onds. and the amount of produced phosphate film was 6.2 g/m 2 . However, this value of 6.2 g/m 2 is less than the amount 
of phosphate film obtained in Ernbodirhent Examples of Nos. 1 to 14 wherem the phosphate fdm forming wascarrred 
out by cathodic electrolysis. In the same way. as shown in Comparative Example No. 5. the amount of phosphate Mm 
of 3 5 g/m 2 obtained by a dipping process is less than that obtained in the Embodiment Examples Nos. 1 to 1 4 
[0089] The examples compiled in Table 1 are examples performed on steel wires of high carbon grade^Even though 
not shown specifically in the present specification, similar tests were also carried out on^eelw.res of ^ 
grades and low alloy containing grades. Similar results as those shown in Table 1 were obtained in the latter cases 
when using the method and the apparatus according to the invention. — 
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55 



[0090] According to the invention, it is possible that a phosphate film of more excellent performance for cold drawing 
can promptly be formed on steel wires of low carbon grade, high carbon grade and tow alloy containing grade when 
compared with conventional methods. Also, activities for removing sludges from the liquid baths can be decreased 
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because no such sludges are produced in the method according to the invention. 
Table 1 
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Claims 

55 1. A method for forming a phosphate film on steel wires comprising a descaling process (2) and a phosphate film 
forming process (4), 

characterized in that the descaling process (2) comprises an electrolytic pickling of steel wires using the steel wires 
as a cathode and using acid other than phosphoric acid as an electrolyte, 
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and in that the phosphate film forming process (4) comprises an electrolytic process using the steel wires as a 
cathode and using a forming solution of phosphate film as an electrolyte. 

2. A method for forming a phosphate film on steel wires comprising a descaling process (2), an intermediate process 
5 (5) and a phosphate film forming process (3), 

characterized in that the descaling process (2) comprises an electrolytic pickling of the steel wires using the steel 
wires as a cathode and using acid other than a phosphoric acid as an electrolyte, 

in that the intermediate process (5) comprises a process of contacting the steel wires with an intermediate liq- 
10 uid containing colloidal titanium and alkali metal phosphate, and in that the phosphate film forming process (3) 

comprises an electrolytic process using the steel wires as a cathode and using a forming solution of phosphate 
film as an electrolyte. 

3. The method according to claim 1 or 2. 

75 characterized in that the steel wires for the descaling process (2) are steel wires which are mechanically descaled 
(6) as a pretreatment therefor. 

4. The method according to any of claims 1 to 3, 

characterized in that the electrolyte in the descaling process (2) is selected from sulfuric acid, hydrochloric acid. 
20 nitric acid, hydrofluoric acid, hydrosilicofluoric acid and zircon hydrofluoric acid, 

in that a tenperature of the electrolyte of 90 °C or lower is used in the descaling process (2), 

in that a current density of the steel wires of 1 A/dm 2 to 1 00 A/dm 2 D.C. is used, 

and in that an electrolytic treatment time of 1 to 60 seconds is used in the descaling process (2). 

25 

5. The method according to any of claims 1 to 4, 

characterized in that the electrolyte in the phosphate film forming process (4) contains 2 to 60 g/l of zinc ions, 2 to 
80 g/l of phosphoric acid ions and 3 to 1 00 g/l of nitric acid ions. 

30 in that the molar ratio of zinc ions to phosphoric acid ions is 0.9 to 1 .5 and the molar ratio of nitric acid ions to 

phosphoric acid ions is 0.7 to 2.5, 

in that a temperature of the electrolyte of 90 °C or lower is used, 

in that a current density of the steel wires of 1 A/dm 2 to 100 A/dm 2 D.C. is used, , 

and in that an electrolytic treatment time of 1 to 30 seconds is used in the phosphate film forming process (3). 

35 

6. An apparatus for forming a phosphate film on steel wires comprising a descaling bath (2) and a phosphate film 
forming bath (3). 

characterized in that the descaling bath (2) comprises an electrolytic picWing bath of steel wires using steel wires 
as a cathode and using acid other than phosphoric acid as an electrolyte. 

40 

and in that the phosphate film forming bath (3) comprises an electrolytic film forming bath using the steel wires 
as a cathode and using a forming solution of phosphate film as an electrolyte. 

7. An apparatus for forming phosphate film on steel wires comprising a descaling bath (2), an intermediate bath (5) 
45 and a phosphate film forming bath (3), 

characterized in that the descaling bath (2) comprises an electrolytic picWing bath of steel wires using steel wires 
as a cathode and using acid other than phosphoric acid as an electrolyte, 

in that the intermediate bath (5) comprises a bath of contacting the steel wires with an intermediate liquid con- 
so taining colloidal titanium and alkali metal phosphate, 

and in that the phosphate film forming bath (3) comprises an electrolytic film forming bath using steel wires as 
a cathode and using a forming solution of phosphate film as an electrolyte. 

8. The apparatus according to claim 6 or 7. 

55 characterized in that the apparatus further comprises a mechanical descaler (6) prior to the descaling bath (2). 

9. The apparatus according to claim 8. 

characterized in that the apparatus further comprises an auxiliary acid pickling bath (4) in-between the mechanical 



10 



BNSDOCIO: <EP 0972862A2, l_> 



EP 0 972 862 A2 



descaler (6) and the descaling bath (2), 

and in that the auxiliary acid pickling bath (4) is either one of non electrolytic acid pickling bath or an electrolytic 
acid pickling bath using the steel wires as an anode. 
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(57) A method and an apparatus are disclosed 
which are suitable for promptly forming a phosphate film 
of excellent performance for cold drawing on steel wires 
(1 ). The steel wires (1) are descaled by a cathodic elec- 
trolysis in an acid solution, and thereafter, a phosphate 
film is formed by a cathodic^electrolysis on the steel 
wires. Contacting with a solution containing colloidal ti- 
tanium is preferably carried out between a cathodic des- 
caling process (2) and a phosphate film forming process 
(3). Descaling in a cathodic electrolysis may be per- 
formed in an acid solution al a temperature of lower than 
90 °C and with a current density of 1 to 1 00 A/dm 2 . Phos- 
phate film forming (3) may be performed by using an 
electrolyte containing Zn ions, phosphoric acid ions and 
nitric acid ions : at a temperature of lower than 90 °C with 
a current density of 1 to 1 00 A/dm 2 and for a period of 
1 to 30 seconds. 
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